Mechanical loading of cartilage explants with joint-specific loading patterns modulates gene expression of lubricin and catabolic matrix enzymes  by Schätti, O.R. et al.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A271The application of four axial forces led to a variety of strains, contact
stresses and dynamic moduli depending on the thickness of the tissue
and its mechanical properties. The regression coefﬁcients for all genes
correlated with the mechanical parameters can be found in Table 1.
The analysis revealed signiﬁcant positive correlations between contact
stress and dynamic modulus with collagen IIa and for dynamic modulus
with aggrecan (Figure 2).
Conclusions: This study found that a short-term application of simul-
taneous compression and sliding onto articular cartilage resulted in
substantial location-dependent changes in mechanical parameters of
the tissue. Both the applied force and intrinsic mechanical properties
differed along the curvature of the condyle, leading to varying
mechanical responses. Chondrocytes were subjected to different strains
and stresses depending on their location, and themechanical properties
of their surrounding matrix, resulting in altered cellular responses in
terms of collagen type IIa and aggrecan gene regulation. Additional
experiments with different axial loads and/or sliding speeds will be
necessary to further quantify the biological response. It is known that
anterior cruciate ligament (ACL) deﬁciencies/tears change AP-translation patterns and accelerate the initiation/progression of OA.
Findings of this study might help to identify pathological joint mech-
anisms leading to OA and provide strategies for prevention and treat-
ment of mechanically induced OA.
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MECHANICAL LOADING OF CARTILAGE EXPLANTS WITH JOINT-
SPECIFIC LOADING PATTERNS MODULATES GENE EXPRESSION OF
LUBRICIN AND CATABOLIC MATRIX ENZYMES
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Purpose: Excessive mechanical loading can lead to damage and loss of
matrix components due to metabolic changes by chondrocytes and the
synthesis of catabolic enzymes such as MMPs and ADAMTS’. Cartilagi-
nous surfaces, such as the temporomandibular joint (TMJ), spend most
of the time in relative motion with a constant translation of the contact
zone. From previous tribological studies it is known that these
migrating contacts are essential for tissues function. The translation of
this knowledge into a Mechanobiological model is however lacking.
Recent mechanobiological studies almost exclusively apply relatively
simple loading regimens; typically uniaxial compressive and/or shear
forces alone or in combination and contact areas are kept stationary.
This study was designed to investigate how sliding contact areas affect
cartilage mechanobiology in terms of catabolic gene expression.
Methods: Cartilage was obtained from bovine nasal septum (BNS) of
young calves. The cartilage was cut into appropriate sizes (70172
mm3) (LWH). Following a 72 hours equilibration period, the ﬁrst 10
mm of the cartilage strip were glued to a Plexiglas platewith and placed
into a tank ﬁlled with culture medium at 37 C. A cylindrical Teﬂon
indenter (Ø 25mm)was used to apply a normal force of 50 N or 100 N to
the cartilage strip. Three different physiological sliding speeds of 10, 40
or 70 mm/s were applied. The load was cycled for 120 minutes over 50
mm of the specimen and the positions and forces of the indenter in the
x- and z-directions recorded. The strain, stress and elastic modulus of
the cartilage were calculated continually along the sliding path. Fol-
lowing OA-related genes were analyzed directly after loading, 4 hours
and 8 hours later: MMP-3, MMP-13, ADAMTS-4, ADAMTS-5, TIMP-1,
TIMP-3 and the gene for lubricin. A multiple linear regression model
was used to express the mRNA regulation as a function of eight
experimental parameters.
Results: Signiﬁcantly higher (p  0.05) strains and maximum stresses
were found for samples loaded with 100 N compared to 50 N (Figure 1a
and b). No signiﬁcant differences were observed for apparent moduli
and tangential (shear) forces between 50 N and 100 N. No signiﬁcant
differences in any parameters were found for different sliding speeds
(Figure 1a,b,c,d).
For 100N, correlations were found for TIMP-3 (r2¼ 0.89), ADAMTS-5 (r2
¼ 0.73), lubricin (r2 ¼ 0.73) and TIMP-1 (r2 ¼ 0.69). Positive and neg-
ative correlations of experimental parameters vary with different genes
(Tables 1 and 2).
Relationships between change in medial tibiofemoral cartilage defects over 2
years and self-reported
Onset or
deterioration
of cartilage
defects, yes/no
Simple logistic
regression
p value Adjusted
logistic
regression1
p value
OR (95%CI) OR (95%CI)
Medial tibiofemoral cartilage defects
KOOS
Pain 1.05 (1.00 to 1.10) 0.045 1.14 (1.04 to 1.23) 0.005
Function 1.03 (0.98 to 1.09) 0.167 1.08 (1.00 to 1.15) 0.046
Symptoms 1.03 (0.98 to 1.09) 0.251 1.08 (1.00 to 1.16) 0.043
Binary logistic regression analysis1 adjusted for age, gender, BMI, MRI scanner,
baseline medial tibiofemoral defect score, baseline bone area KOOS, Knee injury
Osteoarthritis Outcome Score
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A272Conclusions: As expected with 100 N compared to 50 N, our results
show increased strain, contact stress, apparent moduli and tangential
force. Our data suggest that the sliding speeds we applied do not have en
effect on themechanical response of the tissue. However, we still found a
relationship between sliding speed and gene expressionwhen the tissue
was loaded with 100 N normal force. This indicates that differences in
hydrostatic pressures and osmotic changes, induced by sliding, might
account for an alteration in gene expression, as already proposed in other
studies. By interpreting this data we furthermore need to take into
account, that different sliding speeds changed the number of cycles and
could affect gene regulation. In conclusion, this study demonstrates the
importance of applying migrating contact loads to cartilage explants for
studying the biological responses of the tissue. Even if higher sliding
speeds do not necessarily change mechanical parameters, they can still
evoke a biological response in terms of altered gene expression.
Meniscus, Muscle, Tendon, Ligament Biology &
Biochemistry
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HIGHER PAIN, POORER FUNCTION AND WORSE SYMPTOMS ARE
ASSOCIATED WITH 2-YEAR CARTILAGE CHANGES IN PEOPLE
FOLLOWING MEDIAL ARTHROSCOPIC PARTIAL MENISCECTOMY
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Purpose: Individuals following arthroscopic partial meniscectomy
(APM) are at high risk to develop medial tibiofemoral and patellofe-
moral osteoarthritis compared to healthy controls. Higher pain has been
associated with adverse cartilage changes in people with established
knee osteoarthritis. However, there are no longitudinal studies inves-
tigating associations between patient-reported outcomes (including
pain) and structural change in patients following APM. Hence the aim of
this exploratory study was to evaluate the hypotheses that in patients 3
months following a medial APM, poorer patient-reported outcomes
would be associated with a loss of patellar and medial tibial cartilage
volume and a onset or deterioration in medial tibiofemoral cartilage
defects over 2 years.
Methods: 70 people who had undergone a medial APMwere assessed 3
months following APM (baseline) and reassessed 2 years later (follow-
up). Baseline variables included subscales (pain, function, symptoms) of
the Knee injury Osteoarthritis Outcome Score (KOOS, 0-100where 100 is
the best possible score). Using MRI, patellar and medial tibial cartilage
volume and bone area were assessed using previously validated meth-
ods. The percentage annual rate of cartilage volume change was calcu-
lated by: [(follow-up cartilage volume e baseline cartilage volume)/
baseline cartilage volume/time between two scans in years x 100].
Medial tibiofemoral and patellar cartilage defects were assessed using a
previously reported classiﬁcation system from grade 0 to 4 (ref). Carti-
lage defect onset or deteriorationwas deﬁned as an increase in cartilage
defect scoreof1 frombaseline to follow-up.Multiple linear regressions
and binary logistic regressions were used to examine associations
between subscales of the KOOS and change in cartilage volume andcartilage defects respectively. Multiple linear regression models were
performed unadjusted and adjusted for age, gender, body mass index,
MRI scanner and static knee alignment. Binary logistic models were
performed unadjusted and adjusted for age, gender, body mass index,
MRI scanner, baseline medial tibiofemoral defect score and bone area.
Results: Although medial tibial cartilage volume and patellar cartilage
volume signiﬁcantly decreased by 3.5% and 2.8% respectively, there
were no signiﬁcant associations between loss of medial tibial or patellar
cartilage volume and patient-reported outcomes. Patellar cartilage
defects onset or deteriorationwas observed in ﬁve participants (7%) and
due to small sample size regression analysis was not performed. Medial
cartilage defect onset or deterioration was found in 17 participants
(24%). The onset or deterioration of medial tibiofemoral cartilage
defects over 2 years was positively associated with higher pain (odds
ratio¼ 1.14, 95% CI 1.04 to 1.23, p¼ 0.005), poorer function (odds ratio¼
1.08, 95% CI 1.00 to 1.15, p ¼ 0.046) and worse symptoms (odds ratio ¼
1.08, 95% CI 1.00 to 1.16, p ¼ 0.043) at baseline (Table 1).
Conclusions: These ﬁndings provide new insights into the association
between patient-reported outcomes and structural change in people
following APM. The observations that higher pain, lower function and
worse symptoms are related to medial tibiofemoral cartilage defect
onset or deterioration is potentially clinically relevant as cartilage
defects are considered early signs of osteoarthritis, related to increased
rates of cartilage volume loss and knee joint replacement. Notably,
higher pain is associated with increased risk of cartilage defect onset or
deterioration in the unadjusted model (odds ratio ¼ 1.05, 95% CI 1.00 to
1.10, p ¼ 0.045). Targeting patient-reported measures, such as pain at 3-
months following APM, may be important to consider when optimising
long-term structural outcomes in these patients.425
EXPRESSION OF CELL DEATH PATHWAY TRANSCRIPTS IN RNA FROM
HIGHLY CALCIFIED VERSUS MINIMALLY CALCIFIED MENISCI
D. Obiora, C. Barrios, A.S. Dion, C.J. Williams. Cooper Med. Sch. of Rowan
Univ., Camden, NJ, USA
Purpose: Advanced osteoarthritis (OA) of the knee is a debilitating and
painful condition that involves not only articular cartilage but often the
ﬁbrocartilage of the meniscus. A number of studies have demonstrated
that meniscal degradation positively correlates with articular cartilage
degradation, and there is mounting evidence to suggest that meniscal
cells may play an active role in the pathogenesis of OA. In the diseased
meniscus, basic calcium phosphate and calcium phosphate dihydrate
crystals are commonly observed.We sought to understand the nature of
certain biological processes in meniscal pathology. In particular, we
explored the differential expression of cell death pathway transcripts in
RNA derived from highly calciﬁed menisci vs. RNA derived frommenisci
displaying minimal calciﬁcation. Such studies could potentially deﬁne
new therapeutic targets for the treatment of OA and uncover novel
markers of disease progression.
Methods: Menisci were obtained from surgical discard tissue of 12
patients undergoing joint replacement surgery. Patients ranged in age
from 60 to 72 years and included ﬁve males and seven females. All
patients were Caucasian. The menisci were processed both for alizarin
red staining to assess for deposition of calcium crystals, and for RNA
isolation. Scoring for alizarin red staining enabled the stratiﬁcation of
samples into two classes based upon degree of crystal deposition. The
minimal crystal deposition class (n¼6; mean age: 62 years) was deﬁned
